The prevention of lethal prostate cancer is a critical public health challenge that would improve health and reduce suffering from this disease. In this review, we discuss the evidence surrounding specific lifestyle and dietary factors in the prevention of lethal prostate cancer. We present a summary of evidence for the following selected behavioral risk factors: obesity and weight change, physical activity, smoking, antioxidant intake, vitamin D and calcium, and coffee intake. Keywords: epidemiology; diet; life style; obesity; physical activity; prevention; prostate cancer INTRODUCTION Prostate cancer is a major contributor to cancer incidence and mortality among men throughout the world, particularly in Westernized countries.
INTRODUCTION
Prostate cancer is a major contributor to cancer incidence and mortality among men throughout the world, particularly in Westernized countries.
1 Moreover, men with prostate cancer suffer significant impairments in quality of life, 2 both from the disease itself and as a consequence of treatment. The disease is notable in its considerable biologic heterogeneity in metastatic potential over a man's lifetime. This heterogeneity is an important feature of the disease, and efforts to understand risk factors and predictors of more aggressive disease are central in prostate cancer research. The prevention of lethal prostate cancer represents an important public health challenge to reduce suffering from this disease. Moreover, the identification of lifestyle factors post-diagnosis that influence prostate cancer clinical course is appealing as a means of secondary prevention in combination with therapeutic intervention. In this paper, we present an overview of the evidence around selected exposures in the prevention of lethal prostate cancer. Given the diversity of potential factors, we have elected to focus on lifestyle and dietary factors, and not to discuss the evidence for pharmacologic agents. Moreover, we highlight compelling factors that may influence cancer-specific mortality after diagnosis. We present risk factors for lethal prostate cancer that have received the greatest scrutiny within epidemiological studies, as well as discuss novel hypotheses for which there is more limited evidence: obesity and weight change, physical activity, smoking, antioxidant intake, vitamin D and calcium, and coffee intake.
GLOBAL BURDEN OF PROSTATE CANCER
An overview of the descriptive epidemiology of cancer sets the framework for understanding the global burden of this disease and its impact from a public health perspective. Moreover, a comparison of the patterns of incidence and mortality across populations, as well as trends over time can provide clues about the role of lifestyle factors in prostate cancer etiology.
Incidence
Prostate cancer is the most commonly diagnosed cancer among men globally, with almost one million new cases each year. 3 In the United States, 240 890 men are expected to be diagnosed in 2011, and an American man's lifetime risk of prostate cancer is one in six. 4 More than any other malignancy, the burden of prostate cancer shows remarkable worldwide variation (Figure 1) , with a more than 60-fold difference in age-adjusted incidence rates between population groups with the highest (African-American men in the United States) and the lowest (Japanese and Chinese men living in their native countries) incidence of prostate cancer. Part of the variation in incidence rates across populations can be explained by differences in screening practices, particularly screening with prostate-specific antigen (PSA), which often diagnoses a significant proportion of otherwise latent prostate cancer. However, geographic differences in prostate cancer incidence and mortality were apparent prior to the introduction of PSA screening starting in the early 1990s, highlighting a potential role of environmental and lifestyle factors in the etiology of this disease.
Results from migrant studies lend additional support to role of lifestyle factors in prostate cancer incidence. Prostate cancer rates increase among men moving from low-risk to high-risk countries compared to those in their native countries. 5, 6 Prostate cancer mortality rates also increase, lending further support for non-hereditary causes beyond any artifactual rise due to screening and enhanced detection.
Incidence rates have increased substantially over time. In the United States and other Western countries, this is likely due in part to the adoption of PSA testing. However, incidence rates have also increased in Japan and some other Asian and Eastern European countries where PSA testing is not widely used, reflecting changes in other factors the detection of a significant number of latent lesions that may never have come to light clinically nor harmed a man during his lifetime. 9, 10 The introduction of PSA screening has likely resulted in changes in the observed associations between specific dietary and lifestyle factors and prostate cancer risk over time. First, different factors may impact prostate cancer at various stages of progression, and therefore the associations may differ according to disease clinical characteristics, such as those defined by cancer stage or tumor grade. 11 Indeed, it seems unlikely that the factors associated with development of indolent cancers would be similar to those associated with cancers demonstrating malignant potential. Since the majority of cancers diagnosed in the PSA era are well-differentiated tumors with low metastatic potential, it seems likely that associations observed in populations in mainly pre-PSA era populations would no longer be observed with respect to total prostate cancer risk.
Mortality
Based on 2008 data from the International Agency for Research on Cancer, an estimated 258 000 men died of prostate cancer worldwide, 3 with considerable variation in mortality rates among countries ( Figure 2 ). Prostate cancer is the second most common cause of cancer death among men in the United States, with 33 720 fatalities in 2011. 4 During the past decade, prostate cancer mortality rates have shown declines in some countries, most notably in the United States ( Figure 2) . The reasons for this decline remain controversial, but may be attributable in part to earlier detection through PSA screening and subsequent earlier treatment. 12 Notwithstanding the considerable mortality associated with this disease, most men die with and not from their cancer. Many prostate tumors remain indolent even in the absence of therapy. 13, 14 Indeed, cardiovascular disease and other chronic diseases are responsible for more than three-quarters of deaths among men diagnosed with localized prostate cancer.
In this paper, we define lethal prostate cancer as a cancer that forms overt metastases or leads to cancer-specific death. As not all studies have sufficient follow-up for cancer outcomes, we also present epidemiological studies that focus on surrogate endpoints such as biochemical recurrence, recognizing the potential limitations of this definition as an endpoint. The prevention of lethal prostate can come from two means. First, lifestyle or dietary factors at various points in a man's life may prevent the initiation of a tumor with a lethal potential from ever forming. This type of primary prevention is appealing as it eliminates the entire burden of the disease for men. Second, after a man is diagnosed with prostate cancer, lifestyle and dietary factors may influence a man's clinical course. Secondary prevention is attractive given that 4 million men are prostate cancer survivors living with a cancer diagnosis, of whom 2.4 million are in the United States. 4 
ESTABLISHED RISK FACTORS FOR PROSTATE CANCER INCIDENCE
Established risk factors for total prostate cancer risk are few and include: older age, race and family history. Moreover, there are a number of genetic risk loci that have been identified and confirmed in genome-wide association studies.
Older age is one of the strongest risk factors for prostate cancer. Prostate cancer rarely is diagnosed among men before the age of 40 years, and mortality is relatively rare before the age of 50 years. As with other epithelial cancers, incidence rates of prostate cancer increase exponentially from around the age of 55 years and onwards, a trend observed across multiple populations. Screening with PSA has led to a shift to an earlier average age of cancer diagnosis, with an estimated 10 year lead time.
Prostate cancer incidence and mortality rates differ by race/ethnicity. In the United States, incidence and mortality rates are the highest among African-American men. African-American men have mortality rates 2.4 times greater than those of Caucasian men. Both incidence and mortality rates are lower among Asian/Pacific-Islanders, Native Americans and Hispanic men than among non-Hispanic whites. 4 Men with a family history of prostate cancer are at increased risk of prostate cancer diagnosis and mortality. Men whose father was diagnosed with prostate cancer have approximately twice the risk as men without a paternal family history. Having an affected brother increases the risk almost threefold. A family history in both the father and a brother increases risk of diagnosis almost ninefold. 15 Family history is also associated with lethal prostate cancer. The risk of death from prostate cancer is approximately twofold higher for men with a father or a brother who died of prostate cancer, compared to men with prostate cancer who do not have a positive family history. 16 However, the interpretation of self-reported family history of prostate cancer has become somewhat more difficult in the PSA era, because of the correlated exposure to PSA testing within families, and the increased use of PSA testing among men with a family history of prostate cancer. 17 Data from twin studies suggest that the familial aggregation of prostate cancer incidence is in large part due to genetic factors. 18 Indeed, prostate cancer is estimated to have one of the highest heritability, with more than 40% of prostate cancer variability attributed to Lifestyle, dietary factors in the prevention of lethal PCa KM Wilson et al 366 genetic factors. During the last few years, genome-wide association studies have sought to identify common single-nucleotide polymorphisms (SNPs) associated with prostate cancer incidence. 19 To date, 41 risk loci have been identified and confirmed across multiple studies, a number of loci greater than any other malignancy. It is estimated that these 41 loci explain about one-quarter of the variability if prostate cancer incidence that is attributed to genetic factors. It is noteworthy that the heritability of prostate cancer appears to be the results of small positive associations of low-penetrant genetic variants, rather than large associations with high-penetrance alleles.
The majority of the identified germline risk loci do not appear to be more strongly associated with lethal or nonlethal prostate cancer. 20 However, family studies indicate a familial component of prostate cancer-specific survival. 21 To date, only one genome-wide association study of lethal prostate cancer has been published. 22 Although no SNPs reached genome-wide significance, three SNPs were associated with lethal prostate cancer at 10 25 , and one of the three SNPs was subsequently validated in an independent cohort. One of the challenges in studying germline variants and prostate cancer survival is the identification of cohorts with sufficient numbers of cancer-specific events. Thus, additional collaborative research is needed to estimate the heritability of prostate cancer survival, as well as larger genomewide association studies of lethal disease.
OVERVIEW OF RISK FACTORS FOR LETHAL PROSTATE CANCER
Prostate cancer progression to lethal disease likely involves the activation of a number of different biological pathways. Risk factors for lethal prostate cancer and opportunities for prevention act through these pathways. In this paper, we focus on obesity and weight change, physical activity, smoking, antioxidants, vitamin D and calcium.
Obesity
Obesity is a major public health problem globally, with almost 1.5 billion adults estimated to be overweight or obese in 2008. 23 The increase in overweight and obesity in the United States in recent decades has been well documented. In the 2007-2008 National Health and Nutrition Examination Survey (NHANES), which measures height and weight on its participants, 34% of adults over the age of 20 years were obese defined as having a body mass index (BMI) o30.0 kg m 22 . 24 In contrast, only 15% of adults were obese in the 1971-1980 NHANES I and II studies. The proportion of adults classified as overweight, with a BMI of 25.0-29.9 kg m 22 , has been fairly constant over this time, at approximately one-third of the adult population. 25 Obesity dysreglates multiple hormonal pathways and is associated with higher levels of insulin, lower levels of adiponectin, lower levels of testosterone and higher levels of inflammatory cytokines, all of which may be factors in prostate cancer progression. [26] [27] [28] [29] From a prevention perspective, it is notable that weight loss and physical activity are associated with positive changes in these biomarkers.
The relation between body size and incidence of prostate cancer is complex. 11, 26, [30] [31] [32] [33] However, obesity in adulthood has been associated with worse prostate cancer outcomes in most studies. Obese men are at higher risk of developing advanced stage prostate cancer and have higher rates of recurrence and cancer-specific mortality after diagnosis. A meta-analysis of six cohort studies of initially cancer-free men showed a significant 15% increase (95% confidence interval (CI): 1.06-1.25) in the risk of fatal prostate cancer for each 5 kg m 22 increase in BMI. 33 Similarly, among men with prostate cancer, a 5 kg m 22 increase in BMI was associated with a 20% (95% CI: 0.99-1.46) increased risk of prostate cancer-specific mortality. 33 There was some heterogeneity between studies included in this meta-analysis, which may be due to a large proportion of missing data on BMI in some study populations, and differences in follow-up time and the underlying prevalence of obesity between studies. Moreover, it is possible that some of the difference in study results is due to the effect of obesity on PSA levels; there is evidence that PSA concentrations are lower in obese men due to a larger blood volume, causing hemodilution of PSA levels. As a consequence, the sensitivity of PSA screening may be decreased among obese versus normal weight men. 34, 35 The poor prostate cancer outcomes associated with obesity do not appear to reflect solely differences in the efficacy of screening, as similar associations are seen between obesity and survival among men with disease, and adjusting for stage and grade at diagnosis. A study of 2546 men diagnosed with prostate cancer within the Physicians' Health Study found that prostate cancer-specific mortality was significantly associated with prediagnosis BMI 26 ( Figure 3 ). The relative risk of prostate cancer-specific mortality, adjusted for age at diagnosis and baseline smoking status was 1.5 (95% CI: 1.2-1.9) for overweight men and 2.7 (95% CI: 1.6-4.4) for obese men, compared to those with a healthy BMI. In this study, prediagnosis levels of C-peptide, a circulating marker of insulin secretion, were also associated with increased cancer-specific mortality, and men who were both overweight and who had high insulin levels were at particularly increased risk. It is possible that men who are obese and have higher C-peptide levels have a more metabolically active obesity than obese men with lower C-peptide measures, making the combined measure of BMI and C-peptide levels more predictive of prognosis.
Waist circumference (WC) and waist-to-hip ratio (WHR), measures of abdominal obesity, have been assessed in fewer studies than BMI. These measures of central obesity have generally not been associated with overall prostate cancer incidence. However, there is some evidence that abdominal obesity is associated with more advanced disease. In the European Prospective Investigation into Cancer and Nutrition (EPIC), a large cohort study of over 150 000 men across Europe, WC and WHR were positively associated with diagnosis of more advanced prostate cancer (stage T3 or T4, or N1-N3, or M1). 36 A 5-cm increase in waist circumference was associated with a 1.06 times greater risk of advanced prostate cancer (95% CI: 1.01-1.10), and a 0.1-unit greater waist to hip ratio was associated with a 1.21 times greater risk (95% CI: 1.04-1.39). Waist circumference was significantly associated with more aggressive disease in the Melbourne Collaborative Cohort Study, 37 but it was not associated with advanced stage or high-grade disease in the Health Professionals Follow-up Study. 38 Because of the high correlation between BMI and measures of abdominal obesity, it is difficult to separate their effects. The EPIC study found that the waist circumference associations were stronger among men with lower BMI, suggesting a possible interaction between overall and abdominal obesity; however, the number of men in opposite extreme categories of BMI and waist was low.
The role of body size in childhood and early adulthood has also been studied. The Health Professionals Follow-up Study reported no overall association between childhood body size and prostate cancer risk, but a significantly lower risk of advanced and metastatic prostate cancer among men reporting larger body sizes at ages of 5, 10 and 20 years. 38 A population-based case-control study in California found similar inverse associations with advanced prostate cancer for overweight and obesity at ages of 10 and 20 years. 39 However, two other population-based case-control studies found no associations. 40, 41 It is possible that overweight and obesity in childhood and adolescence impact sex hormone levels during periods of growth and development important for later prostate cancer risk.
Weight change
The question of whether weight loss or weight gain in the time period just before and after prostate cancer diagnosis has been less studied than has body size. However, this is an important question, because if weight loss or weight gain has effects on prostate cancer survival, it would provide an important modifiable risk factor for men with prostate cancer. Several prospective cohort studies have examined adult weight change and the risk of prostate cancer. Overall, weight gain from early adulthood (age of 18 or 21 years) to mid-life was not associated with prostate cancer incidence in all 38,42-49 but one study. 50 However, the AARP-NIH Diet and Health Study 51 found that weight gain from the age of 18 year to the start of the study (at ages of 50-71 years) was significantly associated with an increased risk of prostate cancer mortality, although it was not associated with risk of total, localized, or extraprostatic disease, in line with other studies.
Only one study has examined weight change in the period shortly before and after prostate cancer diagnosis and the risk of recurrence, measured by a post-treatment PSA increase. 52 This retrospective cohort study found that weight gain from 5 years before treatment by prostatectomy to 1 year after treatment was associated with a statistically significant increase in recurrence, while weight loss was nonstatistically significantly associated with a lower risk of recurrence ( Figure 4) . This study found no indication that physical activity modified the association between weight change and recurrence.
Physical activity
Physical activity has not been consistently associated with prostate cancer incidence. However, several studies have found that leisure time or recreational physical activity may reduce the risk of aggressive or advanced prostate cancer. The Health Professionals Follow-up Study (HPFS) 53 and the American Cancer Society Cancer Prevention Study II Nutrition Cohort (CPS II) 54 both reported lower risks of more advanced disease with increasing levels of recreational physical activity; these associations were independent of BMI. In the HPFS, men reporting 30 or more metabolic equivalent (Met)-hours per week of vigorous physical activity had a relative risk for fatal prostate cancer of 0.59 (95% CI: 0.35-1.01) compared to men reporting no recreational activity. In the CPS II study, men reporting greater than 35 Met-hours per week had a relative risk for aggressive cancer (high stage and/or grade) of 0.69 (95% CI: 0.52-0.92). The EPIC cohort found no association between recreational physical activity and advanced or high-stage disease; however, activity levels were substantially higher in this cohort, and the reference group included men with up to 25 Met-hours per week. In this cohort, the relative risk of advanced disease for the top versus lowest quartile of men (.71 Methours per week vs. f25 Met-hours per week) was 1.2 (95% CI: 0.9-1.7), with a P value for trend across quartiles of 0.16. 55 On the other hand, the NIH-AARP Diet and Health Study found no association between vigorous exercise and risk of advanced or fatal prostate cancer. 56 The association between post-diagnosis physical activity and risk of prostate cancer mortality or recurrence among men with prostate cancer has been examined in only two studies. Among 2705 men with prostate cancer in the Health Professionals Follow-up Study, those who exercised vigorously for 3 or more hours per week had a 61% lower risk of prostate cancer-specific mortality than those with less than 1 h per week of vigorous activity (relative risk (RR): 0.4; 95% CI: 0.2-0.8). 57 Both vigorous and non-vigorous activities were associated with a lower risk of all-cause mortality among these men with prostate cancer.
A study of prostate cancer progression, including a composite endpoint of biochemical recurrence, secondary treatments, bone metastasis, or cancer death, found that brisk walking was associated with a lower risk of recurrence (RR: 0.4; 95% CI: 0.2-0.9) for brisk walking o3 h per week versus easy walking for ,3 h per week. There was a suggestion that vigorous physical activity was also associated with a lower risk of recurrence; however, few men in this study population engaged in vigorous physical activity. 58 
Smoking
Total prostate cancer incidence is not consistently associated with smoking. However, the latest review of evidence by the United States Surgeon General concluded that smoking is a 'probable' contributor to higher prostate cancer mortality rates. 59 Studies of prostate cancer mortality have consistently found that smoking is associated with higher risk, with more recent smoking being more strongly associated. In the Health Professionals Follow-up Study, greater pack-years of smoking in the 10 years prior to prostate cancer diagnosis were associated with an increased risk of lethal disease, whereas smoking earlier than that and total lifetime smoking were not associated with risk. 60 However, current smokers report less PSA testing than non-smokers, 61 and the positive associations between smoking and prostate cancer mortality may be due in part to later diagnosis and treatment of these cancers among smokers. It is noteworthy that in the Health Professionals Follow-up Study, the association of prostate cancer with smoking was apparent even before PSA screening became available.
Smoking may also influence cancer-specific outcomes by influencing response to treatment. Studies in specific treatment populations have consistently reported worse outcomes for smokers than nonsmokers among prostate cancer patients treated with radiation, androgen deprivation therapy and radical prostatectomy. [62] [63] [64] [65] [66] These studies were limited by low numbers of prostate cancer-specific deaths, and some relied on surrogate endpoints such as biochemical recurrence.
To date, only one large prospective study of smoking and cancerspecific mortality among men with prostate cancer has been published. 67 Among 5366 men diagnosed with prostate cancer between 1986 and 2006 in the Health Professionals Follow-up Study, there were 524 prostate cancer deaths. The crude rate of prostate cancerspecific death was higher in current smokers than in never smokers (15.3 and 9.6 deaths per 1000 person-years, respectively). Adjusting for possible confounders, the relative risk of prostate cancer-specific mortality was 1.6 (95% CI: 1.1-2.3) for current vs. never smokers. The risk of cancer-specific death was still increased, but attenuated, when also adjusted for stage and grade that may indicate that part of the relationship between smoking and prostate cancer mortality is through its influence on these clinical parameters. Sensitivity analyses also found an increased risk of prostate cancer-specific mortality for current vs. never smokers when restricted to men diagnosed with nonmetastatic disease (stages T1-T3), and among men reporting a PSA test prior to diagnosis. Compared to current smokers, former smokers who quit 10 or more years before diagnosis and former smokers who had quit less than 10 years ago but smoked less than 20 pack-years overall had same risk as never smokers, again suggesting that more recent smoking behavior is the most relevant with respect to prostate cancer progression.
The possible biological basis for an association between smoking and risk of fatal prostate cancer or survival among men with prostate cancer is not clear, but several mechanisms have been proposed. 67 Tumor promotion through carcinogens from tobacco smoke is a possibility, with several studies finding prostate cancer-specific mechanisms in animal and in vitro studies. In addition, nicotine may have epigenetic effects such as on gene methylation patterns, and effects on angiogenesis and tumor cell proliferation that contribute to initiation or progression of disease.
Antioxidants
Several dietary antioxidants, including selenium, vitamin E and lycopene/tomato sauce have been investigated with respect to prostate cancer incidence. Antioxidants are compounds that inhibit the oxidation of other species, thereby limiting the damaging effects of oxidation in animal tissues. Oxidative stress may damage molecules including proteins and DNA, and has been implicated in carcinogenesis.
Vitamin E and selenium. Vitamin E generally refers to a group of fatsoluble compounds that include tocopherols and tocotrienols. atocopherol is the biologically most active form, and current dietary recommendations in the United States are based on a-tocopherol alone. c-tocopherol is the most common tocopherol in the United States diet. Possible anticarcinogenic actions of vitamin E include its ability to reduce DNA damage and inhibit malignant cellular transformation. 68, 69 In experimental models, derivatives of vitamin E inhibit growth induce apoptosis 70 and enhance therapeutic effects in human prostate cancer cells. 71 Secondary results of the Alpha-Tocopherol Beta-Carotene Cancer Prevention (ATBC) Study 72 showed a 32% reduction in prostate cancer risk among men assigned to a-tocopherol supplementation compared to placebo. 73 Another large trial of a variety of nutrients found that vitamin E (in combination with selenium and b-carotene) reduced overall cancer mortality. 74 These results, along with laboratory evidence and some epidemiologic support, motivated two trials of the effect of vitamin E supplementation on the risk of prostate cancer.
The Selenium and Vitamin E Cancer Prevention Trial (SELECT), planned for 7-12 years, was stopped early because of lack of efficacy for risk reduction. The initial report based on an average of 5.5 years of treatment, found a non-significant suggestion of increased prostate cancer risk among men receiving 400 IU day 21 of a-tocopherol.
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With additional follow-up, the vitamin E group was found to have a significant increase in prostate cancer risk (RR: 1.17; 99% CI: 1.004-1.36; P50.008, among 1149 cases). 76 Interestingly, there was not a statistically significant increased risk of prostate cancer in the vitamin E and selenium combination group (hazard ratio (HR): 1.05; P50.46), suggesting the two may interact. The Physicians Health Study II (PHS II) conducted contemporaneously with SELECT, found no effect on the incidence of prostate cancer (HR: 0.97; 95% CI: 0.85-1.09; P50.58), with a dose of 400 IU day 21 for a median of 8 years of follow-up. 77 Of note, all men in the ATBC trial were smokers, and the prostate cancers were diagnosed outside the context of PSA screening, and thus, were generally aggressive. Interestingly, epidemiological studies of vitamin E and prostate cancer risk have had mixed results, generally pointing towards no overall association, but observed associations have generally been for advanced cancers and among smokers. In the VITamins And Lifestyle (VITAL) study, a cohort study specifically designed to examine supplement use and future cancer risk, a 10-year average intake of supplemental vitamin E was not associated with a reduced prostate cancer risk overall, but it was associated with a reduced risk for advanced prostate cancer (regionally invasive or distant metastatic, n5123) (HR: 0.43; 95% CI: 0.19-1.0 for 10-year average intake o400 IU day 21 vs. non-use). 78 In a prospective study of plasma vitamin E and prostate cancer mortality, there was a reduced risk associated with higher circulating levels limited to smokers, although the number of cases in the subgroup was small (,30). 79 Other epidemiological studies have similarly found a protective association limited to ever smokers, including prospective studies of dietary vitamin E, 80 vitamin E through supplementation on lethal prostate cancer 81 and plasma a-tocopherol levels and aggressive prostate cancer. 82 The SELECT and PHS II trials were performed in the PSA screening era, and had small numbers of current smokers. Thus, neither trial could address the effect of a-tocopherol specifically on advanced or fatal prostate cancers, or among current smokers.
The trace element selenium is not an anti-oxidant per se, but plays an important role as an essential element for the antioxidant enzyme glutathione peroxidase, 83 as well as other selenoproteins involved in exerting antitumor effects, including apoptosis and inhibition of cellular proliferation. 84, 85 Dietary intake of selenium depends on the selenium content of soil in which foods are grown, which varies greatly by geographic area. Ecologic studies have suggested an inverse association between selenium soil content and prostate cancer incidence. 86 Because selenium contents in specific foods vary as a function of the selenium content of the soil, epidemiological studies of selenium require biological sampling, primarily measuring levels in blood or toenails. Since the activity of some selenoenzymes plateau with a
higher selenium level, 87 the chemopreventive effect of selenium may be the greatest in populations with low selenium exposure. 88 Like vitamin E, selenium was tested in the SELECT trial based on secondary results of other randomized trials. The Nutritional Prevention of Cancer Trial found a 63% reduction in prostate cancer risk among men taking selenium supplements; 89 with additional follow-up time, the protective effect was limited to those with low baseline levels of PSA or selenium. 88 Another trial of selenium (with vitamin E and b-carotene) found a reduction in total cancer mortality in China. 74 As discussed above, the SELECT trial was stopped early due to lack of efficacy of the supplements. With additional follow-up, there was still no association between selenium and prostate cancer risk.
(RR: 1.09; 99% CI: 0.93-1.27; P50.18).
Six prospective biomarker studies have reported significant associations between higher levels of selenium and reduced prostate cancer risk, [90] [91] [92] [93] [94] [95] particularly for advanced disease. 90, 91, 94 Not all epidemiological studies have reported a protective association of selenium, however. [96] [97] [98] Two recent randomized studies found no effect of selenium supplementation, alone or in combination, in reducing progression of high-grade prostatic intraepithelial neoplasia (PIN) to invasive cancer.
99,100
Lycopene and tomato-based products. The relationship of tomatoes in prostate cancer prevention has been studied extensively in the epidemiological literature, with evidence suggesting a significant benefit associated with higher intake of tomatoes, particularly cooked tomatoes, or lycopene, a carotenoid with strong anti-oxidant effects. However, not all studies are supportive, and the association remains controversial.
A meta-analysis of studies on tomatoes and prostate cancer risk included results from 11 case-control and 10 prospective cohort or nested case-control studies that presented data on the intake of tomatoes, tomato products, or dietary lycopene. 101 Compared with men with low intake of tomato products (the first quantile of intake), the relative (RR) of prostate cancer among consumers of higher amounts of raw tomato (the fifth quantile of intake) was 0.89 (95% CI: 0.80-1.00). For cooked tomato products, which are more bioavailable sources of lycopene than fresh tomatoes, 102 the summary RR was 0.81 (95% CI: 0.71-0.92) comparing extreme categories of intake.
The results from cohort studies generally indicate a 25%-30% reduction in risk of prostate cancer, whereas dietary-based case-control studies are not supportive of an association. For example, the summary RR of prostate cancer from the meta-analysis related to an intake of one serving/day of raw tomato (200 g) was 0.97 (95% CI: 0.85-1.10) for the case-control studies and 0.78 (95% CI: 0.66-0.92) for cohort studies. 101 The 2004 meta-analysis found an inverse association in studies of plasma lycopene and prostate cancer risk, with corresponding summary relative risks of 0.55 (95% CI: 0.32-0.94) for case-control studies and 0.78 (95% CI: 0.61-1.00) for cohort studies. 101 An additional nested case-control study not included in the meta-analysis found a modest, not statistically significant, inverse association overall, and a significantly reduced risk with higher levels of plasma lycopene among men over 65 years old and among those without a family history of prostate cancer. 103 However, several more recent studies have found no associations for serum lycopene. [104] [105] [106] [107] [108] It is possible that these conflicting results are due, in part, to the changing mix of prostate cancer cases diagnosed in the United States with the advent of PSA screening. 109 As a result of PSA screening, many more prostate cancers are being diagnosed, including a pool of biologically indolent cancers which would have gone undiagnosed in previous decades and in older studies.
Indeed, epidemiological studies generally point to a stronger reduction in risk of advanced stage or lethal prostate cancer, suggesting that tomato products and lycopene may play a role in prostate cancer progression. For example, in the Health Professionals Follow-up Study, the associations comparing high and low consumption of tomato sauce were 0.75 (0.61-0.92) for total prostate cancer and 0.66 (0.44-1.00) for advanced stage disease. 110 In the EPIC study based on 966 total cases and 205 advanced stage cases of prostate cancer, there was no association between plasma lycopene and overall risk, but men in the top quintile of plasma lycopene had a significantly reduced risk of advanced stage prostate cancer (RR: 0.40; 95% CI: 0.19-0.88). 108 Although not definitive, the available data suggest that increased consumption of tomato and tomato-based products is associated with lower prostate cancer risk and progression. Whether the effect is driven through lycopene or other aspects of tomatoes remains undetermined. The relationship appears to be stronger for advanced prostate cancer than indolent disease.
Calcium, dairy products and vitamin D Calcium intake has been associated with an increased risk of prostate cancer in many but not all epidemiological studies. A meta-analysis of studies in 2005 found an increased risk of 1.39 (95% CI: 1.09-1.77), for extreme categories of intake. 111 Several studies have reported stronger associations between high intake of calcium and risks of aggressive forms of prostate cancer, defined by high grade, or advanced or lethal prostate cancer. 11, 112, 113 The role of calcium is further supported by a recent study among African-American men in California, which included information on both calcium intake and vitamin D receptor calcium absorption genotype. 114 Men with the vitamin D receptor Cdx2 GG genotype, poorer absorbers of dietary calcium, had a significantly lower risk of advanced prostate cancer (odds ratio (OR): 0.41; 95% CI: 0.19-0.90) than those with the AA genotype. Men with higher intakes of dietary calcium were at increased risk of advanced disease in this study, and there was a significant gene-diet interaction, with a lower risk of advanced cancer among men with the GG genotype and lower dietary intakes.
The association between serum calcium and risk of prostate cancer has been studied in three prospective studies. Serum levels of calcium were associated with an increased risk of fatal disease in NHANES I and NHANES III. 115, 116 The adjusted relative risk of fatal prostate cancer was 2.68 (95% CI: 1.02-6.99; P50.04) for the top versus bottom tertile of total serum calcium in NHANES. In NHANES III, similar increases in risk were seen for both total serum calcium and ionized serum calcium, the biologically active component. A study in a large cohort of Swedish men found no association between serum calcium and overall risk of prostate cancer. Unfortunately, advanced and/or fatal prostate cancer were not able to be studied separately in this cohort. 117 Circulating calcium levels are tightly regulated and are related to diet only at very high levels of intake, so it is unclear how this finding related to dietary calcium intake, if at all. However, it suggests a role for calcium, vitamin D, and perhaps related factors, such as parathyroid hormone, in the etiology of lethal prostate cancer.
Dairy foods, a major dietary source of calcium, have also been associated with risk, with the 2005 meta-analysis reporting a summary relative risk of 1.11 (95% CI: 1.03-1.19) for total dairy, 1.06 (95% CI: 0.91-1.23) for milk and 1.11 (95% CI: 0.99-1.25) per serving for cheese. 111 Most, 118, 119 but not all 120, 121 studies published since this meta-analysis have tended to support an association between higher milk or dairy consumption and prostate cancer risk. The correlation between dairy foods and calcium and other nutrients creates challenges in trying to disentangle the independent effects of these compounds; however, cohort studies that have tried to separate effects generally suggest calcium may be the predominant player in explaining positive associations with prostate cancer. This is supported by a recent study of calcium intake among Singapore Chinese, a population in which dairy contributes little to total calcium intake. Even in this population, with comparatively low calcium intakes and in which vegetables were the main source of calcium, there was a suggestion of increased risk with higher calcium intakes. 122 One proposed mechanism of calcium and prostate cancer is by suppressing circulating levels of dihydroxyvitamin D (1,25(OH) 2 D), the bioactive metabolite of vitamin D. It is involved in regulating cellular differentiation and proliferation of many cell types, including prostate epithelia. The main source of vitamin D is endogenous production in the skin resulting from sun exposure, and diet is a secondary source. 1,25(OH) 2 D is the most biologically active form, whereas 25(OH)D is found in much higher concentrations and better reflects sun and dietary exposure. 123 An alternate hypothesis is that dairy protein increases levels of Insulin-like Growth Factor, 124 which may thus influence risk of advanced or lethal prostate cancer. 125 None of the studies of dietary or supplemental vitamin D have reported protective effects for prostate cancer incidence, [126] [127] [128] [129] and most of prediagnostic vitamin D metabolites have also reported null results. [130] [131] [132] [133] [134] [135] [136] [137] One recent nested case-control study of 1000 prostate cancer cases and 1000 controls within the ATBC study found an increased risk in the highest versus lowest serum levels of 25(OH)D, with a relative risk of 1.56 (95% CI: 1.15-2.12). 138 There is some evidence that vitamin D plays a role in prostate cancer progression. Genetic variants in the vitamin D receptor are associated with Gleason score 139 and genetic variants in the vitamin D pathway are associated with risk of recurrence or progression and prostate cancer-specific mortality. 140 In addition, high expression of the vitamin D receptor protein in prostate cancer tissue has been associated with lower risk of lethal cancer among men with prostate cancer in the Health Professionals Follow-up Study and Physicians' Health Study. Men in the highest vs. lowest quartile of vitamin D receptor expression had a relative risk of 0.37 (95% CI: 0.14-0.94), with adjustment for PSA at diagnosis, Gleason grade and stage. 141 Another recent study of prostate cancer mortality nested in the HPFS and PHS found that prostate cancer patients with the lowest levels of prediagnostic 25(OH)D had a significantly greater risk of prostate cancer-specific mortality, with an RR of 1.59 (95% CI: 1.06-2.39) for the highest vs. lowest quartiles. 142 Prediagnostic vitamin D levels were significantly associated with both stage and grade in this study. Thus, while vitamin D exposure does not seem to be associated with lower risk of incident prostate cancer, several lines of evidence suggest that the vitamin D pathway may play a role in prostate cancer progression.
Coffee
There are several potential mechanisms by which coffee could be associated with a lower risk of lethal prostate cancer. Coffee is rich in several biologically active compounds including caffeine, minerals and phytochemicals. In observational and animal studies, long-term coffee drinking has been associated with improved glucose metabolism and insulin secretion in observational and animal studies. 143 Moreover, coffee is a potent antioxidant 144, 145 and intake may be associated with levels of different sex steroid hormones. 146, 147 Most prior epidemiological studies of coffee and prostate cancer have focused on total incidence of disease. There have been to date three studies that have looked at lethal prostate cancer. Two studies 148, 149 reported no statistically significant associations of coffee consumption and prostate cancer mortality, although the studies were limited by a narrow range of coffee consumption, a small number of cancer-specific deaths, and inadequate adjustment for potential confounding by smoking and other factors. The Health Professionals Follow-up Study examined 47 911 men who reported intake of regular and decaffeinated coffee in 1986 and every 4 years thereafter, and included 642 patients with lethal prostate cancer. 150 After adjusting for potential confounding, men who consumed six or more cups of coffee per day had an 18% lower risk for prostate cancer overall (RR: 0.82; 95% CI: 0.68-0.98) and a 60% lower risk of lethal prostate cancer (RR: 0.40; 95% CI: 0.22-0.75) compared to nondrinkers. Intriguingly, the inverse association with lethal cancer was similar for men who drank either regular or decaffeinated coffee, suggesting that caffeine is not underlying the link. These intriguing data, while biologically plausible, need to be confirmed in additional study populations with large number of events and control for confounding.
SUMMARY
From a public health perspective, the prevention of lethal prostate is a paramount issue to improve the health of men in the United States and globally. Moreover, the identification of lifestyle factors after cancer diagnosis that could improve outcomes is appealing for the 4 million men currently living with a prostate cancer diagnosis. Research is in the early stages on both fronts, and research prerequisites include large, prospective cohort studies with long-term follow-up for cancer outcomes, detailed and updated questionnaire data, and consideration of the potential biases associated with epidemiological research. Still, there is now intriguing evidence that several behavioral risk factors may play a role in the prevention of lethal prostate cancer.
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